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I NTRODUCT ION

A round robin was conducted to determine if any one of three proposed cheiii-
cal methods for deteri.iining the nitrogen content of nit rocel ll lose was eqiiva letL

to the existing nitroctieter nethod. The three proposed methods are: ( I) pot ent-

iometer ferrous sulfate titration, (2) automatic ferrous sultate tit r.t ion, and

(3) titanous chloride.

DISCUSSION

In the round robin, ten analyses were made of two samples 1 ol iitrocellilose
using four different methods for determining the percentage o ii it rogei,
specifically:

1. Nitrometer, Method 209.3

2. Titanous chloride, Method 209.7

3. Potentiometer ferrous sulfate titration, Method 209.11

4. Automatic ferrous sulfate titration

Methods I through 3 are from Hil Std 286; method 4, from Hercules, Inc. (refs 2,
and 3).

The nitrometer method was chosen as the standard since it is currently used
for acceptance testing of nitrocellulose in accordance with Specification Nil-N-
244 atd Hii Std 28b.

Data (;athering

Tables I and 2 list the data gathered by different participating activities
and the methods used in the round robin. The participating activities and the
syi.ibols A, B, C, etc.) by which their laboratories are identified in the tables
are listed below:

Participating activities Symbol

Olin Corporation A

Hercules, incorporated B

The tirst sample (Lot 15340) and the second sample (lot 30057) consisted of 5
pounds of grade A and grade C nitrocellulose, respectively, as specified in
Hil-N-244 (ret I).

L



Radford Army Ammunition Plant (RAAP) C

ARRADCOM 1)

Naval Ordnance Station

Edwards Air Force Base F

Lawrence Livermore National Laboratory G

The tables also lis± the averages, variance, and standard deviation of each lab-
oratory and method.l The variance and standard deviation of the automatic method
are equivalent to the n;trometer method. The data from the potentiometer method
appear to depend on each individual activity; more experience with this method is
needed.

The raw data from tables 1 and 2 are plotted in figures I and 2. A graphi-
cal comaparison of the data is made by plotting all of the individual data points
(represented by X's) and the mean of each set of ten data points (represented by
Lines). The graph is an ideal method for visualizing differences in the data.
The nitrometer data appear to have about the sane dispersion as the data from the
automatic and potentiometer methods. The data from RAAP (C) show dispersion and
test results for the three methods. The data from the titanous chloride method
appear to be more dispersed than the other three.

Statistical Evaluation

The data were evaluated by a two-way analysis of variance, and the results
are shown in tables 3 and 4. The values determined by the F-test (ref 4) at the
95Z level are significant for the activities and interactions for the test meth-
ods. Repeatability and reproducibility tests were determined for each method.
Since the values calculated for the automatic method are lower than those of the
other three, one can conclude that the automatic method is the most precise and
has better repeatability and reproducibility.

I

2 Data from Edwards Air Force Base (F) appear to e completely different from the

- other laboratories and should not be part of the group. The variance and the
, standard deviation of the data from Livermore (G) are too high and should not

be considered with the automatic ferrous sulfate method, but may be considered
with the potentiometer ferrous sulfate method.

2



CONCLUSIONS

The automatic ferrous sulfate titration method can be considered equivalent
to the nitrometer, and the repeatibility and reproducibility achieved by ilcrcule:;

and RAAP (B and C) for this method are superior. RAAP can also achieve a repeat-
ibility as good as or better than the nitrometer method using Lhe l)otelitiolm'ter

ferrous sulfate method.

The titanous chloride method has poor repeatibility but good reproducibii-
it y.

RECOMHENDAT IONSU
It is recommended that:

1. The automatic ferrous sulfate titration method be added to the JANNAF
Propellant Characterization Working Group Handbook (ref 5) and to Specification
Mil-N-244 as an alternate method for determining the percentage ot nitrogen in

nitrocellulose (ref 1).

2. Another round robin be conducted with the potentiometer ferrous sul-
fate titration method.

I3
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